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FIELD OF THE INVENTION 

This invention relates to a process for producing a novel diepoxy compound using a dioxirane compound. 

5 PRIOR ART AND PROBLEMS THE INVENTION ATTEMPTS TO SOLVE 

Since polyether compounds obtained by ring opening polymerization of 6^poxyethyk3<ixatricyclo- 
p.2.1.0^octane or 2,3^pcxy^pcxyethyM,4:5,Wirr^^ have a bicycJor£2.1J- 

heptane skeleton or a dimethanonaphthalene skeleton, they are amorphous, have a high glass transition tem- 

10 perature, and are excellent In transparency and water resistance and free from impurities such as chlorine, eta; 
their use as plastics having excellent electrical characteristics has been expected. For example, use of said 
compounds as sealing epoxy resins of VLSI or printed ctrcuft boards, or their optical use has been expected. 
Moreover, use of the monomers as new reactive epoxy diluents has been also expected. 

Industrial production of these compounds is however difficult For example, synthesis of 6-epaxyethy)-3- 

15 oxatricydc{3.2.1 .0 2 **]octane requires costly peracids such as peracetic acid, perbenzoic acid, etc., and its yield 
is as low as about 50 % [L I. Kasyan, M.F. Bombushkary, M. S. Malinobsky et aL, Ukr. Khim. Zh., 44, 956 
(1978)]. 

MEANS TO SOLVE THE PROBLEMS 

20 

The present inventors have made assiduous studies to solve such problems, and consequently found a 
process in which a compound represented by the following formula (TV) is formed from an easily available, 
inexpensive peroxide and a compound represented by the following formula (I) and/or a compound represented 
by the following formula (II) effectively at low cost This finding has led to the completion of this invention. 
25 It is an object of this invention to provide a novel process for producing a compound represented by the 
following formula (IV) using a dioxirane compound. 

DETAILED DESCRIPTION OF THE INVENTION 

30 This invention relates to a process for producing a diepoxy compound represented by formula (IV) 




(no 



wherein R\ R 2 , R 3 , R\ R 5 , R 6 , R 7 , R 8 , R fl , R 10 and R 11 each denote a hydrogen atom or a hydrocarbon 
group, and n is an integer of 0 to 2, 
45 which comprises epoxklizing a compound represented by formula (I) 




wherein R* ? R* R* R*, R* R« R7 f R 8 , R» R 10 , R" and n are as defined above, 
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and/or a compound represented by formula (II) 




wherein R 1 , R 2 , R 3 , R*, R 5 , R* R 7 , R 8 , R fl , R 1t> , R 11 and n are as defined above, 
is with a dioxirane compound represented by formula (III) 

R \ /? 
;c( (m) 

R' X x <!> 

wherein R and R' each denote a hydrogen atom, a fluorine atom, an alkyl group having 1 to 10 carbon 
atoms, an aryi group, a fluoroalkyl group or a fluoroaryi group. 

25 This invention will be explained in detal below. 

In formula (I), n is an integer of 0 to Z preferably 0 to 1, and R*. R 2 R 3 , R 4 , R 5 , R«, R 7 , R 8 , R», R t0 and R" 
are each a hydrogen atom or a hydrocarbon group and may be the same or different Examples of the hyd- 
rocarbon group are aJkyi groups having usually 1 to 3, preferably 1 to 2 carbon atoms. Examples of the com- 
pound of formula (I) include 5-vinyibicycio|2^.1]hept-2-ene ( 1-methyl-5-vinyIbicydoI2.2.1]hept.2-ene f 

30 1-methyl*vinylbk^cloI2.2.1]hepW-ene, 2-methyl-5-vinylbicyclo-p.2.1]hept-2-ene, 2-methyl-6-vinylbicydo 
g-2.1Jhept-2.ene, 5^thyf-5-vinyibicydo[2.Z1]hept-2-€ne, 1-ethy»*vinylbicydorZ2.1]hept-2-ene, 2-vinyM. 
2,3,4,4a,5,8,-8a-<x^ydro-1,4:5,W and ^-vinylhexacycloie.e.l.iv.l 10 - 13 .^ 7 © 9 - 1 ^ 

4-heptadecene. 

In formula (II). n is an integer of 0 to 2, preferably 0 to 1 , and R 1 . R 2 R 3 , R 4 , R 6 , R 6 , R 7 , R 8 , R 9 , R 10 and R 11 

35 are each a hydrogen atom or a hydrocarbon group and may be the same or different Examples of the hyd- 
rocarbon group are alkyl groups having usually 1 to 3, preferably 1 to 2 carbon atoms. Examples of the com- 
pound of formula (II) include 6-vinyl-3K>xatricyclo-t3^.1.0 2 ^octane i 1-methyl^vinyl-3-oxatricyclo-I3.Z1.0V] 
octane, 1nTiethyl-7-vinyK^xatricydo-I32.1 .0^]octane, 2-methyl-6-\rinyI^xatricydc>^^.1 .0^]oc*ane f 2- 
methyl-7-vinyJ-3K)xatricydo-[3^.1 .O^Joctane, 6^th^vinyJ-3K>xairicydo-{3.2.1 .O^Joctane, 1-ethyl-7-vi- 

40 nyl-3-oxatricydo-[3.2.1 .O^Joctane, 2,3-epoxy-6-vinyM ,4:5,8- dimethano-1 A3,4,4a,5,8,8a-octahydranaph- 
thalene, and 4,5-epoxy-12-virnyihexac^[^ 

In formula (III), R and R' are each a hydrogen atom, a fluorine or an all<yl group having 1 to 10, preferably 
1 to 6 carbon atoms, an aryl group, a fluoroalkyl group or a fluoroaryi group. Examples of the compound of 
formula (III) include dioxirane, methyldioxirane, ethyidioxirane, perrtyidioxirane, hexyldioxirane, heptyi- 

46 dioxirane, octyidiaxirane, phenyidioxirane, difluorodioxirane, dimethyldioxirane, ethyimethyldioxirane, methyf- 
propyldioxirane, methyl butyidioxirane, methylpentyldioxirane, methyihexyldioxirane, methyiheptyldiaxirane, 
dettyidioxirane, ethylpropyidioxirane, ethyibutyldioxirane, ethyipentyldioxirane, ethylhexyldioxirane, ethylhep- 
tytdtaxirane, dipropyidioxirane, hexyipropyidioxirane, dibutyfdioxirane, methylphenyidioxirane, diphenyl- 
dioxirane, metr^trifluoromethyidioxirane, ditrifluoromethyldioxirane, and fluoromethylphenyldtoxirane. 

so A method of forming the compound of formula (III) is not particularly limited. Said compound is usually for- 
med by the reaction with an aldehyde or a ketone and an inexpensive inorganic peroxide. 
As the aldehyde and the ketone, compounds represented by formula (V) are shown. 



55 




(V) 



3 



EP 0 453 275 A1 

wherein R and R' are as defined in formula (IV). 
Examples thereof Include formaldehyde, acetaidehyde, propionaldehyde, caproaldehyde, heptylaldehyde, 
octylaldehyde, nonylaldehyde, benzaldehyde, carbonic difluoride, acetone, 2-butanone, 2-pentanone, 2-hexa- 
none, 2-heptanone, 2-octanone, 2-nonanone. 2-decanone, 3-pentanone, 3-hexanone, 3-heptanone, 3-octa- 

5 none, 3-nonanone, 3-decanone, 4-heptanone, 4-decanone, 5-nonanone, acetophenone, benzophenone, 
triftuoroacetone, hexafluoroacetone, and trifluoroacetophenone. Examples of the inorganic peroxide include 
KHSOs, 2KHSO5- KHSO4- K2SO4. H^O* NalO* KI0 4 and double salts substantially containing these 
peroxides. KHSO5 or H2SO5 can be formed from K^Oq. 

The reaction with the aldehyde or the ketone and the inorganic peroxide can be carried out in a known 

10 manner. Namely, the reaction is performed by mixing the aldehyde or the ketone with the aqueous solution of 
the inorganic peroxide. On this occasion, various quaternary ammonium salts and crown ethers may be used 
as a phase-transfer catalyst Examples of the quaternary ammonium salts include tetraethylammonium 
bromide, tetraethylammonium hydrogensuJfate, tetrabutyi ammonium bromide, and tetrabutylammonium hyd- 
rogensuifate. Examples of the crown ether include 12-crown-4-, 15-crown-5, 18-crown-6, dibenzo-14-crown-4, 

15 dibenzo-15-crown-5 t and dibenzo-18-crown-6. It is advisable that the reaction is performed at pH of usually 
4.0 to 8.0, preferably 6.0 to 8.0, more preferably 7.5 to 8.0. The pH Is adjusted in a usual manner. That is, the 
pH adjustment is carried out using a buffer solution while adding an alkali aqueous solution during the reaction. 
Examples of the alkali in the alkali aqueous solution include sodium hydroxide, potassium hydroxide and cal- 
cium hydroxide. Examples of the buffer solution include potassium dihydrogenphcsphate-sodium hydroxide, 

20 potassium dihydrogenphosphate-disodium hydrogenphosphate, potassium dihydrogenphosphate-sodium tet- 
raborate, boric acid+sodhim chloride-sodium tetraborate, and disodium hydrogenphosphate-citric acid. At this 
time, when the reaction temperature is too high, decomposition of the resulting dioxirane compound occurs. 
When the reaction temperature is too low, the reaction is delayed. Therefore, it is usually -20 to 30°C, preferably 
5 to 15°C. The reaction time is usually 1 to 20 hours, preferably 5 to 10 hours. A molar ratio of the inorganic 

25 peroxide to the aldehyde or the ketone is 0.1 to 1, preferably 0.5 to 1. The resulting dioxirane compound is 
isolated by a known method, e.g. distillation under reduced pressure. At this time, the unreacted aldehyde or 
ketone may be distilled off together. 

In this invention, as stated above, the compound of formula (IV) is produced by epoxidizing the compound 
of formula (I) and/or the compound of formula 00 (hereinafter abbreviated as "olefins") with the dioxirane com- 

30 pound of formula (111)- 

The epoxidation reaction may be conducted either simultaneously while forming the dioxirane compound, 
or after isolating the resulting dioxirane compound as noted above. The former is preferable. 

When the epoxidation reaction is conducted simultaneously with the formation of the dioxirane compound, 
the mixture of the olefins and the aldehyde or the ketone is mixed with the aqueous solution of hte inorganic 

35 peroxide. The reaction is carried out in the same way as in forming the aforesaid dioxirane compound. The 
phase-transfer catalyst may be used or an organic solvent may not be used. The organic solvent is not par- 
ticularly limited if It Is inactive to the dioxirane compound. Examples of the organic solvent include hexane, cyc- 
lohexane, toluene, xylene, dichloromethane, chloroform and carbon tetrachloride. It is advisable to conduct the 
reaction at pH of usually 4.6 to 8.0, preferably 6.5 to 8.0, more preferably 7.5 to 8.0. The pH can be adjusted 

40 in a usual manner as in producing the dioxirane compound. The reaction temperature is usually -5 to 30°C, 
preferably 5 to 15°C. The reaction time is usually 1 to 20 hours, preferably 5 to 10 hours. A molar ratio of the 
aldehyde or the ketone to the olefins is usually 0.5 to 5, preferably 1 to 2. A molar ratio of the inorganic peroxide 
to the olefins is usually 1 to 5, preferably 1 to 2. 

When the epoxidation is carried out using the isolated dioxirane compound, the reaction is run by mixing 

4$ the dioxirane compound with the olefins. A molar ratio of the dioxirane compound to the olefins is usually 1 .0 
to 4.0, preferably 1 .0 to 2.0. The reaction temperature is usually -20 to 30°C, preferably 5 to 1 5°C. The reaction 
time is usually 1 to 20 hours, preferably 5 to 1 0 hours. On this occasion, an organic solvent may or may not be 
used. When the organic solvent is used, it is not particularly limited if it is inactive to the dioxirane. Examples 
of the organic solvent include hexane, cyclohexane, toluene, xylene, dichloromethane, chloroform and carbon 

50 tetrachloride. 

After the reaction Is terminated, the post-treatment is carried out by a usual method such as distillation, 
etc., and the organic layer is separated and purified to obtain the final compound of formula (IV). 

When the compound of formula (I) is epoxidized with hydrogen peroxide or hydroperoxides such as tertbutyl 
hydroperoxide, etc*, a double bond in a ring is easily epoxidized to form a compound of formula (11)- However, 
55 a double bond of a vinyl group is low in reactivity; before this is epoxidized, the addition reaction of the hyd- 
roperoxides or hydroxides occurs on the compound (II), and the final compound of formula (IV) is little formed. 
To obtain the compound (IV). a reagent high in reactivity and capable of epoxidation under mild conditions, 
such as m-chlorobenzoic acid, is required, but such peracid is pricey and impractical. 
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This is the same with the epoxfda&on of the compound of formula (II)* 

In the epoxidation reaction using the dtoxirane compound (III), the reaction conditions are quite mild and 
reactivity is high. 

5 [EFFECTS OF THE INVENTION] 

The process of this invention has excellent characteristics that the compound of formula (IV) can be syn- 
thesized efficiently at low cost from starting materials that can be obtained easBy at low cost, and can efficiently 
provide the compound of formula (IV) that is utflizable as a starting material of plastics excellent in heat resi- 
10 stance, water resistance, transparency and electrical characteristics, and as a new epoxy diluent 

[EXAMPLES] 

The following Examples and Comparative Example illustrate this invention specifically. However, this 
15 invention is not limited thereto. 

EXAMPLE 1 

A 3-liter three-necked flask fitted with a stirrer, a pH electrode and a thermometer was charged with 43 g 
20 (0.36 mol) of 5-vinylbicycIo|2^.1]hept-2-ene, 400 ml of methylene chloride, 200 ml of acetone, 280 ml of a 0.05 
M phosphoric acid buffer solution (pH 7.4) and 19 g (56 mmols) of tetrabutylammonium hydrogensuffate. While 
cooling the mixture to 10°C, an aqueous solution (water, 2^00 ml) of 555 g (1.81 mols as KHSO5) of Oxone 
(2KHSO5.KHSO4.K2SO* made by du Pont) was added dropwise at a rate of 10 ml/min under stirring. During 
the reaction, a 5N KOH aqueous solution was added dropwise using a pH controller to adjust pH to 72. to 7.8. 
25 After the addition of the Oxone aqueous solution, stirring further continued for 4 hours. The reaction solution 
was suctiorvfiltered with a Buchner funnel, and K2SO4 precipitated was separated by filtration. A methylene 
chloride layer was then separated. Said methylene chloride layer was dried with magnesium sulfate to distill 
off methylene chloride. The concentrate was passed through a silica gel column to remove tetrabutylammonium 
hydrogensuffate. Subsequently, the residue was subjected to single distillation under reduced pressure to 
30 obtain 46 g of 6-epoxyethyi-3-axatricydo[3^-1 .O^joctane (yield 85 %). 

EXAMPLE 2 

In the same way as in Example 1. while keeping pH at 72 to 7.6, 2,000 ml of an aqueous solution (water) 
35 of 450 g (1 .46 mols as KHSO5) of Oxone (2KHSO5.KHSO4.-K2SO4 made by du Pont) was added to a mixture 
of 100 g (0.734 mol) of 6-vinyl^3-oxatricycio[3^.1.0^loctane, 120 ml of acetone, 200 ml of a 0.05M phosphoric 
acid buffer solution (pH 7.4) and 1 3 g (37 mmols) of tetrabutylammonium hydrogensuffate at a rate of 1 0 ml/min 
undercooling to 10°C with stirring. After the addition, stirring further continued for 6 hours. The reaction solution 
was suction-filtered with a Buchner funnel, and K2SO4 precipitated was separated by filtration, followed by ext- 
40 racting the filtrate with toluene (500 ml x 1 + 300 ml x 3). The toluene layer was passed through a column of a 
molecular sieve (4A), dried and concentrated. The concentrate was subjected to single distillation under 
reduced pressure to obtain 84 g of 6^poxyetrryf-3<ixatrfcydQ[3.Z1.^ (yield 75 %). 

EXAMPLE 3 

45 

In the same way as in Example 1, while keeping pH at 72 to 7.6. 1,400 ml of an aqueous solution (water) 
of 300 g of Oxone (2KHS06.KHS04.K2S04 made by du Pont) was added dropwise to a mixture of 45 g (0.242 
mol) of 2-virryM,2,3,4 f 4a,5,8,8a-octa^ 300 ml of methylene chloride, 150 

iri of acetone, 200 tri of a 0.05M phosphoric acid buffer solution (pH 7.4) and 8 g (24 mmols) of tetrabutylam- 
50 monium hydrogensuffate under cooling to 1 0°C with stirring. After the addition, stirring further continued for 6 
hours. The reaction solution was suction-filtered with a Buchner funnel, and K 2 S0 4 precipitated was separated 
by filtration. Subsequently, the filtrate was extracted with toluene (500 ml x 1 + 300 ml x 3). The toluene layer 
was passed through a column of a molecular sieve (4A), dried and concentrated to obtain 50 g of 2,3-epoxy- 
6^poxyethy|.1,4;5 ( 8-dimethancwJecahydronaphthaIene (yield 94 %). 

55 

COMPARATIVE EXAMPLE 1 

To a mixture of 6.8 g (0.050 mol) of 6-vinyJ-3-oxatricydo[3^. 1 .O^octane and 0.16 g (0.5 md) of MoOr 
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(acacfe was added 5.6 g (0.050 mol) of 80 % tert-butyi hydroperoxide at room temperature under stirring. After 
the addition, the reaction continued at 50°C for 10 hours. Analysis of the reaction solution by gas 
chromatography revealed that the yield of 6-e rx^ethyl-3-oxatricycio{3^.1 .O^octane as a final compound was 
3 % and unreacted 6-vinyl-3-oxatricydor^1.0^octane was 10%. 



Claims 



1. A process for producing a diepoxy compound represented by formula (IV) 




wherein R 1 , R 2 R 3 R 4 , R 5 , R« R 7 , R 8 , R 9 , R 10 and R 11 , which may be the same or different, each represent 
a hydrogen atom ora hydrocarbon group, and n is an integerof 0 to 2, which process comprises epoxidiztng 
a compound represented by formula (I) 




CO 



wherein R 1 , R 2 , R 3 R*, R 5 , R 8 RT, R 8 , R 9 , R 10 , R 11 and n are as defined above, and/or a compound rep- 
resented by formula (II) 




wherein R\ R 2 , R 3 , R*. R 5 , R« R 7 f R 8 , R 9 , R 10 , R 11 and n are as defined above, with a dioxlrane compound 
represented by formula (III) 



R \ c /° 



cm ) 
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wherein R and R', which may be the same or different, each represent a hydrogen atom, a fluorine atom, 
an alkyl group having 1 to 10 carbon atoms, an aryl group, a fluoroaflcyl group or a fiuoroaryl group. 

2. A process according to darn 1 wherein the compound of formula (I) is 5-vinyicyclo[2^.1Ihept-2-ene ? 1- 
5 methyl-5-vfnylbicydo[Z2.1]hept-2-ene f 1^thyl^vinyIbicyclo-P^.1]hept-2-ene, 2Hraihyl-5-vinyibicydo 

[2^1]hept-2-ene, 2^thyVe-vinyIbicyclo[2^.1]hept-2-€ne I 5H7iethyl-5-vinyibicyclo[Z2.1 Jhept-2-ene, 1- 
etriyl-6-vinyIbicydo-l^ 2-vfnyM,2 v 3,4,4a,5,8,8a-octarrydro-1 ,4:5,*Wimemanonaphthalene 

or12-vinylhexacydo^.6.1.1*M 1 * 13 .^ 

10 3. A process according to claim 1 wherein the compound of formula (II) is 6-vinyl-3-axatricydo[3.2.1 .0^]oc- 
tane, 1^ethyi-6-vInyi-3-oxatricycJo[3^1 .O^octane, 1-rr»emyl-7-vinyK3K>xatricycio[3,2-1 .O^loctane, 2- 
methyl^vinyl-3-oxam*(^oI3^1.0^octane, 2-methyi-7-vinyi-3-oxatricycioI3^.1 .O^Joctane, 6-methyi- 
6-vinyt^xatricydoI3.Z1.0^octane l 1 ^uiy»-7-vinyi-3-oxatiicydoI3.2. 1 .O^octane, 2,3-epoxy-6-viny]- 
1,4^,8<limethano-i ,2,3,4.43,5,8, 8a-octahydronaphthalene or 4 f 5-epoxy-12-viny1hexacydc>{6.6.1.1 3 * 

15 1 w^0^0**]heptadecane. 

4. A process according to claim 1 , 2 or 3 wherein the compound of formula (III) is dioxirane, methytdiaxirane, 
ethyl-dioxirane, pentyidioxlrane, hexyldioxirane, heptyldioxirane, octyldioxirane, phenyldioxirane, drf- 
luorodioxirane, dimethyldioxirane, ethylmethyldioxirane, methyipropyldtoxfrane, methyibutyldioxlrane, 
20 meihyipentyi dioxirane, memylhexytdioxirane, methylheptyidioxirane, diethyldtoxirane, ethylpropyl- 
dioxirane, ethyibutyidioxirane, ethylpentyldioxirane, ethylhexyidioxirane, ethylheptyidioxirane, dipropyl- 
dioxirane, hexyipropyldioxirane, dtbutyf dioxirane, methylphenyidtoxirane, diphenyldioxirane, methyl trifluc- 
romethyidtoxirane, darffluoromethyldioxirane or trifhjoramethylphenyldioxirane. 

25 5. A process according to any one of the preceding claims wherein the compound of formula (HI) is formed 
in situ by the reaction of an aldehyde or a ketone with an inorganic peroxide. 

6. A process according to claim 5 wherein the aldehyde or the ketone is formaldehyde, acetaldehyde, pro- 
pionaldehyde, caproaldehyde, heptylaldehyde, octylaldehyde, nonyialdehyde, benzaldehyde, carbonic drf- 
30 luoride, acetone, 2-butanone, 2-pentanone, 2-hexanone, 2-heptanone, 2-octanone, 2-nonanone, 
2-decanone, 3-pentanone, 3-hexanone, 3-heptanone, 3-octanone, 3-nonanone, 3-decanone, 4-hep- 
tanone, 4-decanone, 5-nonanone, acetophenone, benzophenone, trifluoroacetone, hexafluoroacetone or 
trtfluoroacetophenone. 

35 7. A process according to claim 5 or 6 wherein the inorganic peroxide is KS0 5 , 2KSO s . KS0 4 . K2SO4, H^SO* 
Nal0 4l KJO^ or a double salt containing these peroxides. 

8. A process according to any one of the preceding claims wherein the compound of formula (IV) is 6-epoxye- 
wy!-3-oxatricydo-p.2.1 .O^octane or 2 f 3-epoxy-6-epoxyethyl-1 ,4;5,8-dimemanc<iecahydronaphthalene. 

40 

9. A process according to any one of the preceding daims which comprises the additional step of ring-opening 
polymerising the diepoxy compound of formula (IV) to produce a polyether. 



45 
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